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Introduction
The Rel-18 Network energy saving WID [1] was proved in RAN #98-e, the RAN1-related objectives include the following: 
2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3] 
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains 
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
In this contribution, we provide our considerations on the spatial and power domain enhancements.
General considerations
When spatial elements or power offsets are adapted, it is anticipated that UE can perform measurements on the adapted CSI-RS resources and report to gNB for making a (better) decision on whether/how to turn off spatial elements or change its transmission power. 
For this CSI report related to CSI results after spatial/power adaptation (referred to spatial/power adaptation report in the following), there are basically two ways to carry to the network, which are 
· Alt 1: Multiple CSI-ReportConfigs, where the spatial/power adaptation report(s) is configured in separate CSI-ReportConfig(s) than the original report as well as themselves (if there are many). 
· Alt 2: A single CSI-ReportConfig, where the spatial/power adaptation report(s) are configured in the same CSI-ReportConfig as well as the original report.
For Alt 1, this can be supported by current spec, however, considering that there will be many parameters that are duplicated for these separate CSI-ReportConfigs, this is an approach that is very memory consuming from UE perspective. The activation/deactivation or triggering schemes of these multiple CSI-ReportConfigs should also be considered together with corresponding UE capability. It needs to be discussed whether/how to extend UE capabilities on measuring and reporting to support these spatial/power adaptation reports.
For Alt 2, there will be multiple CSI results carried in one CSI report, the enhancements to be considered at least include the following: 
· Enhancements on resource setting configurations linked to one CSI-ReportConfig, including 
· what additional information needs to be configured, and the configuration granularity, e.g., per resource/resource set/resource setting 
· resource activation/deactivation or triggering enhancements, indicating when the adaptation takes effect, e.g., using MAC CE/DCI to indicate a CSI-RS resource change or a power offset value assumption change
· Enhancement on reporting configurations, including 
· which configurations need to be enhanced, e.g., codebookConfig corresponding to different CSI-RS resources with different antenna ports, or reportQuantity, etc
· report activation/deactivation or triggering enhancements, 
For both alternatives, the reporting content enhancements should be further discussed, depending on the scenarios and configured reportQuantity(s), there might be duplicated quantities for reports before and after adaptation or under various assumptions of the adaption, e.g., RI might be the same under different power assumptions, but CQI may be different. Therefore, the reporting content could be further enhanced to reduce some redundancy for the sake of reporting overhead reduction.
Proposal 1: To support spatial/power adaptation CSI report, the following enhancements should be considered:
· If multiple CSI-ReportConfigs are used, schemes for reducing duplicated configurations and reducing UE memory occupation should be supported, together with reconsideration on UE capability regarding measuring and reporting
· If single CSI-ReportConfig is used, enhancements on resource setting configurations and report setting configurations should be considered, including 
· enhancements on resource setting configurations, 
· what additional information needs to be configured, and the configuration granularity 
· resource activation/deactivation or triggering enhancements
· Enhancement on reporting configurations, 
· which configurations need to be enhanced
· report activation/deactivation or triggering enhancements
· Reporting content could be further enhanced to save overhead
Spatial domain enhancements
In this section, we provide more detailed design considerations for spatial domain enhancements.
In FL summary in RAN1-110b [2], the spatial elements adaptation can be categorized into two types:
· Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g., a subset of ports of a CSI-RS resource (set).
· Type 2: enable and/or disable of part of spatial elements associated to a logical antenna port(s).
For Type 1 adaptation, the number of ports is reduced due to the adaptation, this needs to be indicated to the UE. UE can either measure on a subset of antenna ports of the existing CSI-RS resources, or measure on new CSI-RS resource with reduced number of antenna ports. 
For Type 2 adaptation, the number of ports remains unchanged while the spatial relations will change, network needs to indicate new CSI-RS resources or new TCI states for UE to measure. 

In the following, we discuss more detailed configuration enhancements based on multiple CSI-ReportConfigs or single CSI-ReportConfig. 
· Alt 1: Multiple CSI-ReportConfigs are used for spatial adaptation CSI reports
For Type 1, each CSI-ReportConfig is linked to a CSI-RS resource setting configuration with different number of CSI-RS port for each CSI-RS resource, and with different codebook configurations. 
For Type 2, each CSI-ReportConfig is linked to a CSI-RS resource setting configuration with different CSI-RS resources and TCI states.
As discussed in section 2, the above configurations are very memory consuming from UE perspective. It could be considered to group these reports together and share some common configuration parameters, where the memory for these common parameters can be saved. 
Furthermore, the activation/deactivation or triggering of the reports in a report group can be also considered, where MAC CE or DCI could be used, to achieve a faster adaptation report. 
Proposal 2: If multiple CSI-ReportConfigs are supported for spatial adaption CSI reports, each CSI-ReportConfig is linked to a CSI-RS resource setting configuration with 
· different number of CSI-RS port for each CSI-RS resource, and with different codebook configurations for Type 1, or 
· different CSI-RS resources or different TCI states for Type 2
and enhancements for multiple report grouping and corresponding activation/deactivation or triggering schemes should be supported.
 
· Alt 2: Single CSI-ReportConfig is used for spatial adaptation CSI reports
There are several resource configuration alternatives depending on granularity, which are: 
· Alt 2-1: A set of adaptation-related assumptions/parameters can be configured for one CSI-RS resource 
· Alt 2-2: More than one CSI-RS resources can be configured within one resource set, where each resource corresponds to a different adaptation-related parameter/assumption 
· Alt 2-3: More than one CSI-RS resource sets can be configured within one resource setting configurations (CSI-ResourceConfig), where each CSI-RS resource set corresponds to a different adaptation-related assumption/parameter 
· Alt 2-4: More than one CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig corresponds to a different adaptation-related assumption/parameter
In Figure 1, we provide an overall picture on resource configuration alternatives for better understanding.
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Figure 1 Illustration on resource configuration alternatives under single CSI-ReportConfig

For Type 1 spatial adaptation, it can go with Alt 2-1, where a subset of antenna ports of the current CSI-RS resources is indicated, which is most UE memory saving. Other alternatives can also be considered with further enhancements to reduce redundant parameters, e.g., repetition, bwp-Id, etc. 
Proposal 3: For Type 1 spatial elements adaption using single CSI-ReportConfig, at least support indicating a subset of ports on current CSI-RS resources to UE (Alt 2-1) .

For Type 2 spatial adaptation, considering that the spatial element to antenna port mapping might be changed, Alt 2-2 to Alt 2-4 can be considered, with further enhancements to reduce redundant parameters, e.g., repetition, bwp-Id, etc.
Alt 2-2: More than one CSI-RS resources can be configured within one resource set, where each resource corresponds to a different antenna-to-port mapping assumption
Current spec supports reporting single cri for a resource set, therefore further enhancements on reporting configurations are needed.
Alt 2-3: More than one CSI-RS resource sets can be configured within one resource setting configurations (CSI-ResourceConfig), where each CSI-RS resource set corresponds to a different antenna-to-port mapping assumption
This can be useful for beam management purposes where one resource set contains beams using conventional antenna element to port mapping and the other resource set contains beams after spatial adaptation.
Alt 2-4: More than one CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig corresponds to a different antenna-to-port mapping assumption
This provides more configuration flexibility in terms of time-domain behaviors since the resourceType can be configured per CSI-ResourceConfig

Proposal 4: For Type 2 spatial element adaption using single CSI-ReportConfig, further discuss on which of the following alternative(s) to support:
· Alt 2-2: More than one CSI-RS resources can be configured within one resource set, where each resource corresponds to a different antenna-to-port mapping assumption
· Alt 2-3: More than one CSI-RS resource sets can be configured within one resource setting configurations (CSI-ResourceConfig), where each CSI-RS resource set corresponds to a different antenna-to-port mapping assumption
· Alt 2-4: More than one CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig corresponds to a different antenna-to-port mapping assumption

It should be noted that in current spec, for a CSI-ReportConfig related to L1-RSRP or L1-SINR beam reports, the CPU counting is always 1, which is not fair if new resources for spatial adaptation are configured, thus, we have the following proposal: 
Proposal 5: The CPU occupation for a CSI-ReportConfig related to L1-RSRP or L1-SINR beam reports should be increased when spatial adaptation resources are configured.

Power domain enhancements
In this section, we provide more detailed design considerations for power domain enhancements.
Similar to spatial domain enhancement, power domain enhancements can be considered for multiple CSI-ReportConfigs or single CSI-ReportConfig. 
If multiple CSI-ReportConfigs are supported for power adaption CSI reports, each CSI-ReportConfig is linked to a CSI-RS resource setting with at least one CSI-RS resource with different setting of powerControlOffset.
Proposal 6: If multiple CSI-ReportConfigs are supported for power adaption CSI reports, each CSI-ReportConfig is linked to a CSI-RS resource setting with at least one CSI-RS resource with different setting of powerControlOffset.

If single CSI-ReportConfig is supported for power adaptation CSI reports, the following four alternatives can be discussed:
Alt 2-1: A set of power offset assumptions are configured for one CSI-RS resource
In this alternative, the same CSI-RS resource is used by UE to perform CSI measurement and report, so the CSI-RS overhead is minimum.
Alt 2-2: Multiple CSI-RS resources are configured within one resource set, where each CSI-RS resource corresponds a different power offset assumption
In this alternative, the transmit power of these resources can be different. These resources can be different or the same in time and frequency domain, which consumes more configuration overhead than Alt 2-1.
Alt 2-3: Multiple CSI-RS resource sets are configured within one CSI-ResourceConfig, where each CSI-RS resource set consists of at least a CSI-RS resource with different settings power offset values. 
This can be useful if different transmit power for CSI-RS is needed for UE to estimate the CSI for different PDSCH transmit power, especially if the dynamic range of PDSCH transmit power is large.
Alt 2-4, Multiple CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig consists of at least a CSI-RS resource with different settings of power offset values. 
This provides more configuration flexibility in terms of time-domain behaviors since the resourceType can be configured per CSI-ResourceConfig.
Proposal 7: For power domain adaption using single CSI-ReportConfig, further discuss on which of the following alternative(s) to support:
· Alt 2-1: A set of power offset assumptions are configured for one CSI-RS resource
· Alt 2-2: Multiple CSI-RS resources are configured within one resource set, where each CSI-RS resource corresponds a different power offset assumption
· Alt 2-3: Multiple CSI-RS resource sets are configured within one CSI-ResourceConfig, where each CSI-RS resource set consists of at least a CSI-RS resource with different settings power offset values. 
· Alt 2-4: Multiple CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig consists of at least a CSI-RS resource with different settings of power offset values. 
Proposal 8: RAN1 discusses whether different time-domain behaviors can be supported for CSI-RS resource for spatial/power adaptation.
Conclusion
In this contribution, we discussed our considerations on spatial and power domain enhancement to support network energy saving, the following proposals are made:
Proposal 1: To support spatial/power adaptation CSI report, the following enhancements should be considered:
· If multiple CSI-ReportConfigs are used, schemes for reducing duplicated configurations and reducing UE memory occupation should be supported, together with reconsideration on UE capability regarding measuring and reporting
· If single CSI-ReportConfig is used, enhancements on resource setting configurations and report setting configurations should be considered, including 
· enhancements on resource setting configurations, 
· what additional information needs to be configured, and the configuration granularity 
· resource activation/deactivation or triggering enhancements
· Enhancement on reporting configurations, 
· which configurations need to be enhanced
· report activation/deactivation or triggering enhancements
· Reporting content could be further enhanced to save overhead
Proposal 2: If multiple CSI-ReportConfigs are supported for spatial adaption CSI reports, each CSI-ReportConfig is linked to a CSI-RS resource setting configuration with 
· different number of CSI-RS port for each CSI-RS resource, and with different codebook configurations for Type 1, or 
· different CSI-RS resources or different TCI states for Type 2
and enhancements for multiple report grouping and corresponding activation/deactivation or triggering schemes should be supported.
Proposal 3: For Type 1 spatial elements adaption using single CSI-ReportConfig, at least support indicating a subset of ports on current CSI-RS resources to UE (Alt 2-1) .
Proposal 4: For Type 2 spatial element adaption using single CSI-ReportConfig, further discuss on which of the following alternative(s) to support:
· Alt 2-2: More than one CSI-RS resources can be configured within one resource set, where each resource corresponds to a different antenna-to-port mapping assumption
· Alt 2-3: More than one CSI-RS resource sets can be configured within one resource setting configurations (CSI-ResourceConfig), where each CSI-RS resource set corresponds to a different antenna-to-port mapping assumption
· Alt 2-4: More than one CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig corresponds to a different antenna-to-port mapping assumption
Proposal 5: The CPU occupation for a CSI-ReportConfig related to L1-RSRP or L1-SINR beam reports should be increased when spatial adaptation resources are configured.
Proposal 6: If multiple CSI-ReportConfigs are supported for power adaption CSI reports, each CSI-ReportConfig is linked to a CSI-RS resource setting with at least one CSI-RS resource with different setting of powerControlOffset.
Proposal 7: For power domain adaption using single CSI-ReportConfig, further discuss on which of the following alternative(s) to support:
· Alt 2-1: A set of power offset assumptions are configured for one CSI-RS resource
· Alt 2-2: Multiple CSI-RS resources are configured within one resource set, where each CSI-RS resource corresponds a different power offset assumption
· Alt 2-3: Multiple CSI-RS resource sets are configured within one CSI-ResourceConfig, where each CSI-RS resource set consists of at least a CSI-RS resource with different settings power offset values. 
· Alt 2-4, Multiple CSI-ResourceConfigs can be linked to one CSI-ReportConfig, where each CSI-ResourceConfig consists of at least a CSI-RS resource with different settings of power offset values. 
Proposal 8: RAN1 discusses whether different time-domain behaviors can be supported for CSI-RS resource for spatial/power adaptation.
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